A detailed description of the fine structure of Balantidium ctenopharyngodoni Chen, 1955 with an emphasis on its vestibulum is given in the present paper. As to the vestibular kinetids, special attention is paid to the characters of T1, T2 microtubules and nematodesmata. Serving as the major skeleton to the vestibular cortex, the T1, T2 and Pc microtubules are described herein and their support function is also discussed. Moreover, the well-developed nematodesmata of the vestibular kinetids that form a large basket-like complex are described in detail.
Introduction
Since the late 1960s and early 1970s, electron microscopic investigations of ciliates have provided a substantial increase in the number of characters available to determine phylogenetic relationships (Lynn 2008) . Ciliates are among the eukaryotes that possess, possibly, the most elaborate surface architecture (Huttenlauch et al. 1998) , the features of which provide useful information for the phylogeny and taxonomy among the major groups of the phylum Ciliophora (Lynn 1981; Lynn and Corliss 1991; Lynn 2008) .
The genus Balantidium Claparède & Lachmann 1858 has a large number of species that have been reported in marine, freshwater and terrestrial habitats as endocommensals in the digestive tracts of widely diverse hosts from both invertebrate and vertebrate animals. As a Chinese native species and a common obligatory intestinal parasite of grass carp (Ctenopharyngodon idella), Balantidium ctenopharyngodoni was first discovered and simply documented by Chen (1955) . This species of Balantidium has been observed, sometimes at least, to be a true parasite (Molnár & Reinhardt 1978) . Thereafter, the redescription and some revisions were given at both light and scanning electronic microscopic levels (Li et al. 2007 ). However, the morphological data are still incomplete since no transmission electron microscopic study had been carried out. So, the present work examines the ultrastructural anatomy of this Chinese Balantidium with an emphasis on its vestibulum aiming to contribute to the knowledge of this genus, and to provide useful information for its taxonomy with ultrastructural data.
Materials and Methods
The specimens of B. ctenopharyngodoni were collected from the hindgut of grass carp captured with a fishnet from Honghu Lake (29°40´-29°58´N; 113°12´-113°26´E), Hubei Province, China in November 2011. The fish samples were transported alive to the laboratory and were dissected immediately. Intestines were opened to collect the luminal contents into Petri dishes for further examination with the aid of a dissecting microscope Stemi SV6/AxioCam MRc5 (Zeiss, Germany).
The luminal contents of the hindgut containing numerous B. ctenopharyngodoni were selected out and fixed directly in 2.5% Glutaraldehyde in 0.2 M phosphate buffered saline (PBS, PH 7.4) for 2 hours at 4°C, then postfixed in 1% (v/v) *Corresponding author: wangchong@mail.ihe.ac.cn; norman.grim@nau.edu Li Ming et al. 414 osmium tetroxide in PBS for 2 hours at 4°C, followed by dehydration in a gradient acetone series and embedded in Araldite. Ultrathin sections were cut on a Leica Ultracut R ultramicrotome (Leica, Germany), stained with uranyl acetate and lead citrate before being observed in a JEM-1230 Transmission Electron Microscope (JEOL, Japan).
Results
The vestibular and circum-vestibular kinetids are closely packed and possess four classic fibrillar associates with some modifications. The kinetodesmal fibril originates near the base of the kinetosome at microtubule triplets 6, 7 and 8 and runs (Fig. D) . Scale bar in B = 1 µm, in D = 0.2 µm, in E = 0.5 µm. C -Transverse section of the nematodesma microtubules (NDM) usually arranged in odd rows and joined to each other by links (NML). Scale bar = 0.2 µm parallel to others emanating from kinetosomes of the same kinety ( Figs 1A, B and 4) . They bend to run anterior-right and don't appear to overlap.
The T1 microtubular ribbon originates near triplets 3, 4 and is composed of 6 microtubules (n=10). This ribbon has a thin sheet of electron-opaque material adjacent to its right ( Figs 1C  and 4) . The T1 microtubular ribbons extends a distance to the anterior, slightly left and overlap each other to form files ( Figs  2A-D and 4) . Two T2 microtubules originate at the left-anterior side (viewed from inside the cell) between triplets 4 and 5 and and are slightly to the right of the T-1 transverse ribbon (Figs 1A, 2C and 4) . Together, these T1 microtubules penetrate into the vestibular margins at regular intervals, forming arches and linking to another set of microtubules (their origin is still uncertain, and may be postciliary microtubules), with the T2 microtubules interposing obliquely between the arches, as viewed from the transverse section (Figs 2C, F and G) . Then, these transverse microtubules curve down into the cytoplasm and line the cytostome-cytopharynx (Fig. 3A) .
A postciliary ribbon is adjacent to triplet 9. It consists of two rows of microtubules. The row close to triplet 9 has 3-4 microtubules while the other row contains Fig. 4 . Schematic drawing of vestibular kinetid as viewed from outside the cell. Shown are the kinetosome (KS) and its fibrillar associates including kinetodesmal fibril (KD), postciliary microtubules (PC), primary transverse microtubules (T1) and a thin sheet of dense material (S) adjacent to its right and two secondary transverse microtubules (T2). The T1 microtubular ribbon extend a distance of at least 2-3 kinetosomes of the same kinety to the anterior (arrow) 2-3 microtubules located in the near posterior-right ( Figs  1A, B and 4) .
The nematodesmata, arising from the electron dense region below each kinetosome, are usually composed of hexagonallypacked microtubules and arranged in odd rows (Figs 2E and 3A-C). These hexagonally-packed microtubules are zygomorphous with the numer of microtubules reduced by one from the middle row to the lateral rows in turn (Fig. 3C) . These long parallel rows of nematodesmata extend into the endoplasm and converge gradually to form a large basket-like complex (Fig. 3D) , lining deeply into the posterior body (Fig. 3E) .
Discussion
Unlike the vestibular cortex whose major microtubular cytoskeleton is from the overlapping Pc microtubules those described in some ciliates (Grim 1982 (Grim , 1993 , flagellates (Lee and Kugrens 1992; Gull 1999) and euglenoids (Bouck and Ngo 1996; Shin et al. 2001) , the vestibular region of B. ctenopharyngodoni mainly relies on the T microtubules (T1, T2) to serve as the major skeleton. According to our observation, the T1 microtubular ribbons of the same kinety extend a long distance to the cortical surface and overlap each other to form files. Then, these T files form the parallel kineties penetrating into the vestibular margins at regular intervals and forming arches, with the T2 ribbons interposing obliquely into the T-file interspaces. Together, these two types of T microtubules buttress the vestibular wall and give major support to the vestibulum. It may be a special adaption to the functional differentiation of somatic and vestibular regions during the evolutionary changes of cortical development.
The presence of the two "secondary" transverse microtubules (T2) in B. ctenopharyngodoni is similar to that described in B. cavia (Paulin and Krascheninnikow 1973) and B. jocularum (Grim 1993) . It gives strong support to the suggestion that the presence of the two sets of transverse ribbons may be an important character of the genus Balantidium (Lynn and Nicholls 1985; Guinea et al. 1992) . Moreover, the T2 Mt are also found in Isotricha (Grain 1966) , Dasytricha (Paul et al. 1989) , Vestibulongum (Grim 1988 ) and most other genera of the class Litostomatea (Leipe and Hausmann 1989; Lipscomb and Riordan 1990; Lynn and Nicholls 1985) . This seems to indicate that this feature may also be useful in the taxonomy of the class Litostomatea.
As mentioned above, a set of inner microtubules can be found interior to the transverse microtubular arches and extending as a "pallisade" deep into the cytoplasm surrounding the cytopharynx. These "inner microtubules" found in our B. ctenopharyngodoni specimens may be homologous to the "bulge microtubules" that have been described in some haptorians (Foissner and Foissner 1988; Kuhlmann and Hausmann 1983; Lipscomb and Riordan 1991; Lynn 1991) . This is also ultrastructural evidence in support of the close taxonomic relationship between the vestibuliferans and haptorians.
